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I INTRODUCTION
A considerable amount of the energy of a stream of water
is lost when flowing through a pipe, due to the impact of particles
of water against the inner surface of the pipe. This energy loss
is usually expressed in terms of lost pressure head, which is a
function of the energy.
Many formulas have been suggested for determining this loss
and a great amount of data has been taken upon this subject. Ex-
periments show that the lost head depends upon the following con-
ditions; length of pipe, condition of interior surface of pipe,
diameter of pipe, the velocity of flow of the water, and to less
extent upon the temperature of the water.
Experiments seem to show that no formula will express,
except in a general way, the loss due to friction, as the loss found
in any pipe may change from time to time.
A thesis by Mr. G. E. Erixson, 1910, gives the results of
some tests along this line. His tests were confined to one length
of small pipe and dealt principally with low velocities.
It was the purpose of the following tests, fl) to determine
whether the pipe tested one year ago would show the same results
after a year's time, (2) to extend the work of Mr, Erikson both in
regard to range of velocities and size of pipe, (3) to compare the
losses for different sections of the same pipe, and (4) to compare
the results of these tests with other tests that have been made.

II THEORY AJTD AVAILABLE DATA
The formula most commonly used to compute the lost head due
to the friction of water flowing in pipes is, h = f ^ where
h = loss of head in feet of water due to friction.
1 = length of pipe in feet,
d = diameter of pipe in feet.
f = an abstract number which depends upon the degree of
roughness of the surface.
— = velocity head due to the mean velocity of flow.
2g
This formula disregards the pressure of the water. The
formula may he stated as follows;
(1) The loss of head due to friction is proportional to the
length of pipe.
(2) It increases with the roughness of the interior surface
(3) It decreases as the diameter of the pipe increases.
(4) It increases as the square of the velocity.
Weston's Friction of Tater in Pipes gives the following
losses of head due to friction. His values for the 2—in. pipe
were computed from a formula which he constructed from the data
taken in experiments upon a large number of pipes. The formula is
h = (0.0126 + 0«Og15--ap»06 ) 1 |i in which h, v, 1. d, and g are theV a eg
same as in the formula commonly used. His values for the 4—in.
pipe were computed from the formula commonly used.

WESTOH'S VALUES
Mean velocity Loss of head in feet
of water due to friction
in feet per 100 feet
per second
2—in pipe 4—in pipe
1 0.34 0.12
2 1.06 0.48
5 2.12 1.08
4 3.60 1.92
5 5.15 2.88
6 7.15 4.15
7 9.40 5.65
8 12.00 7.45
9 14.95 9.40
10 17.90 11.60
11 21.65 14.00
The following values of the friction factor are taken from
Merriman's Hydraulics and experiments performed last year in the
hydraulic laboratory by C. B. J. Srikson and reported in his thesis,
An Experimental Study of Friction of ~ater in Pipes.

4Velocity
in pipe
in feet
Friction Factor
oC
—
in. pipe 4—m. pipe
JJCJJL OWVIllX i lei riasn Tests of last year Merriinan
"I1 .030 • U»o±
o
ci . u^y .029
a 027 .026 026
4 .026 .025 .025
6 .024 .023
10 .022
These tests show that the friction factor varies for a
wide range of velocities, and that the loss of head varies as the
square of the velocity.

5III DESCRIPTION OF APPARATUS AUD METHOD OF TESTING
Tests were made upon 2—in. and 4—in. pipes. As nearly as
oould "be measured the internal diameters were 2.08—in. and 4.03—in.
respectively. Three different lengths of 2—in. pipe were used,
being 56-ft. 3 l/2-in. , 20-ft l/2-in. , and 56-ft 1 1/2-in. respec-
tively. The length of 4-in. pipe used was 53—ft, 11 l/2-in.
The parts of the pipe tested were free from bends and from
10-ft. to 30-ft . distant from "bends. The pressure was obtained
from a standpipe in the laboratory, and was practically constant.
The length of the 2—in. pipo from the stand pipe to the outlet was
about 310—ft. when the tests were made upon the first length and
about 160—ft. when the tests were made upon the last two lengths of
pipe. The length of the 4-in. pipe from the standpipe to the outlet
was about 360—ft. In the 2—in. pipe the velocit;/ was regulated by
the outlet valve except for low velocities where the inlet valve
was used in cooperation with the outlet valve. In the 4—in. pipe
the velocity was regulated entirely by the valve at the outlet.
The loss of head was measured directly in feet of water to
the nearest 0.01—ft. This was done by means of an inverted U—tube
which was about one—half filled with air. This pressure gauge is
shown with its dimensions and connections to the pipe in Fig. 1.
The pipe was tapped at A and 3 and a 5/8—in. pipe connected. A view
of the connection is given above A in Fig. 1. This 5/8—in. pipe
was carried parallel to the large pipe to where it connected to the
U—tube. The sise of the tap hole was l/8—in. in the clear, and
there was only one tap hole at each connection point. The method
of operating this gauge was as follows;
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(1) Open valves C and F, E and D "being closed. This re-
moved any air which he in the 5/8-in. pipe "between points A and C.
(2) Open valves E and D, C and P "being closed. This re-
moved any air which might he in the 5/8—in. pipe "between points
3 and D.
(3) Close valves C and D and open valves E and P. This
removed the water from the U—tube.
(4) Close valves E and P and open valves and D. This
formed an air column in the U—tube and enahled one to read the loss
of head in feet of water directly.
In the experiments upon the 2—in. pipe the velocity of flow
was determined by timing the flow of a certain weight of water
(varying from 200-lb. to 600-lb. depending upon whether the velocity
was low or high). The water flowed into a tank which was on scales.
The time was taken at the instant the beam of the scales touched
the top and was taken to the nearest half—second. In experi-
ments upon the 4—in. pipe the discharge in cubic feet per second
i
was read directly by means of a calibrated Venturi meter which is
connected to the pipe.

IV EXPERIMENTAL DATA AND DISCUSSION
The variable factors which enter into this study are the
diameter of pipe, the velocity of flow, and the length of pipe.
Pipes of 2—in. and 4—in. diameters were used. The volocity of
flow ranged from 0.2—ft. to 11.0—ft. per second in the E-in. pipe
and from 0.2—ft. to 5.0-ft. per second in the 4—in. pipe. The
change of temperature of the water was not considered as the water
remains in the laboratory and the laboratory is kept at about 70 u
Fahrenheit. The different lengths of pipe used will be discussed
later. It was assumed that the condition of the interior surface
of the pipes was of a constant smoothness.
The first length of 8—in. pipe used was that used by Mr.
Erikson a year ago and was 56—ft. 3 1/2—in. long. Table I shows
the data taken for this length. The relation of the coefficient
of friction to velocity is shown on plate 1 and marked fl), while
the relation of lost head to velocity is shown on plate 2 and •
marked (l). The results obtained were from 4 to 6 per cent higher
than those obtained by Mr. Erikson. No irregularity, such as his
friction factor—velocity curve shows, was found. The probable
reason for the results being higher than those of last year is that
the tap holes were rusted considerably, thus causing a slight error
in the transmission of pressure to the U—tube.
Table II shows the data for a different piece of pipe
56- ft. 1 1/2—in. long. The relation of the coefficient of friction
to the velocity is plotted on plate 1 and marked (2), while the re-
lation of lost head to velocity is shown on plate 2 and marked (2).

9The curve obtained "by this data was nearly the same as obtained by
Mr. Erikson with the exception of the irregularity previously
spoken of.
Table III shown the data taken for a length of pipe of
20-ft. l/2-in. The relation of the coefficient of friction to
velocity is plotted on plate 1 and marked fS) , while the relation
of the lost head to velocity is shown on plate 2 and marked (55).
These results are from 5 to 7 per cent lower than those obtained
"by Mr. Erikson.
The greatest variation of the friction factor—velocity
curves and the lost head—velocity curves from their average is about
6 per cent.
Table IV shows the data taken for a length of 53-ft. 11 l/2-
in. of 4-in. pipe. The relation of the coefficient of friction to
velocity is plotted on plate 3 and the relation of the lost head to
velocity is shown on plate 4.
The data in the tables is arranged according to ascending
velocities. The lost head—velocity curves are all plotted for a
length of pipe of 56—ft. 3—in. so as to be comparable.
Probably the greatest error in the results of the experi-
ments upon the 2—in. pipe is due to errors in reading the time. The
velocity, V, as determined in the experiments varies inversely as
the time, t. The square of the velocity is used in the formula to
compute the friction factor, f, hence a small error in t will pro-
duce a larger error in f. Probably the greatest error in the results
of the experiments upon the 4—in. pipe is due to the reading of the
loss of head. This may be as much as 25 per cent for velocities
betv/een 1-ft. and 2-ft. per second; for velocities higher than this
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the per cent of error in this reading rapidly decreases. The
Venturi neter attached to the 4—in. pipe is calibrated so that the
discharge may he read to the nearest 0.CC1—on. ft. per second;
hence the velocity can he determined with very little error.
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V COUCLUSIOJJS
The loss of head varies closely as the square of the veloc-
ity, except for low velocities where there seems to be no definite
condition.
The loss of head varies noarl?/ inversely as the diameter
of the pipe (for the values obtained it varies within about 6 per
cent of
-J)
.
d
The critical velocity, the velocity at which the loss of
head ceased to vary as the square of the velocity, is not well de-
fined. The Friction Factor—Velocity curves indicate that it is
somewhere between the velocities of 1—ft. and 2—ft. per second for
the 2—in. pipe and somewhere between the velocities of 0.5—ft. and
1.5—ft. per second for the 4—in. pipe. It is at these parts of the
curves that they take a decided change in direction.
Following is a comparison of results obtained by Herriman,
'Teston, Erikson, and the writor. These values indicate that the
tables in common use probably give values within 2 per cent of the
correct ones for 2—in. pipe and within about 10 l/2 per cent of the
correct ones for 4—in. pipe:
Velocity Friction Factor (S-in. Pipe)
in feet
per second Writer Herriman Erizson
1 .0345 .034 .030
2 .0287 .029 .029
3 .0265 .027 .026
4 .0250 .026 .025
5 .0240 .024
6 .0250 .0244
10 .0213 .0224
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Velocity Friction Factor (4—in. Pipe)
in feet
per second Writer I'erriraan
1 .0245 .031
2 .0210 .027
3 .0205 .026
4 .0202 .025
5 .0198 .024
Mean Loss of Head in Feet per 100 feet Pipe
Velocity
of Water 2-in . Pipe 4-in. Pipe
in feet
per second Writer VTeston Writer Weston
1 0.25 0.34 0.12 0.12
2 0.98 1.06 0.38 0.48
3 2.05 2.12 0.86 1.08
4 3.47 3.60 1.50 1.92
5 5.35 5.15 2. 30 2.88
8 12.70 12.00
10 19.20 17.90
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VI TABLES ABU
Table 1
CURVES
Head
JL IX
Feet
of Tater
XXI
Pounds
in in feet
i- i L/ u 1UU
0.03 500 1163 0.29 .0766
0.08 500 523 0.64 .0388
0.13 500 403 0.83 .0375
0.14 500 379 0.38 .0356
0.14 300 224 0.90 .0371
0.14 300 223 0.90 .0367
0.14 300 222 0.91 .0564
0.15 300 218 0.92 .0352
0.18 500 336 1.00 .0359
0.24 500 284 1.18 .0344
0.26 500 266 1.26 .0326
0.27 500 262 1.28 .0328
0.37 400 174 1.54 .0309
0.37 400 17& 1.55 .0306
0.37 400 173 1.55 .0305
0.57 400 173 1.55 .0305
0.39 500 212 1.58 .0311
0.40 500 210 1.60 .0299
0.41 500 206 1.63 .0306
0.52 500 180 1.86 .0300
0.54 500 177 1.89 .0301
0.59 500 1674 2.00 .0293
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Table 1 Continued
Lost
Head
in
Feet
Weight
of Water
in
Pounds
Tine
in
Seconds
Velocity
in feet
per second
Frictio -
Factor
0.60 500 166^
-
2.01
•
.0295
0.60 500 166 2.02 .0292
0.60 500 166 2 . 02 .0292
0.68 500 157 2.13 .0298
0.67 500 155 2.16 .0285
0.82 500 139& 2.40
»
.0283
0.82 500 139 2.41 .0280
0.82 500 139 2.41 .0280
0.82 500 139 2.41 .0280
0.93 500 151 2.56 .0283
0.91 500 130 2.58 .0273
0.98 500 127£ 2.63 .0281
0.98 500 127 2.64 .0280
0.98 500 126 2.66 .0276
0.98 500 126 2.66 .0276
1.09 500 120 2.80 .0276
1.07 500 119 2.82 .0268
1.22 500 2.98 .0273
1.23 500 112 2.99
i
.0273
1.25 500 111 3.02
1
.0273
1.26 500 110 5.05
4
.0270
1.29 500 109 3.08 .0270
1.41 500 103- 3.24 .0267
1.62 500 96 3.49
i
.0264
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Ta"ble 1 Continued
lost Weight Time Velocity
Head of Water in in feet Friction
in in Seconds per second Factor
Feet Pounds
1.74 500 93 3.61 .0266
1.76 500 92 3.64 .0265
1.92 500 88 3.81 .0264
2.16 500 82 4.08 .0257
2.29 500 79imm 4.22 .0256
4
2.51 500 75& 4.44 .0254
4
2.62 500 74 4.53 .0254
2.65 500 73 4.59 .0250
ct
. 65 500 72 4. 67 . 0243
2.78 500 72 4.67 .0255
2.93 500 69 4.86 .0247
3.00 500 69 4.86 .0252
5.00 500 69 4.86 .0252
3.03 500 67 5.01
4
.0240
3.24 500 67
•
5.01 .0256
3.84 500 61 5.50 .0253
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Table 2
Lost Weight Tine Velocity
Head of Water in in feet Friction
in in Seconds per second Factor
Feet Pounds
0.04 200 355 0.38 .0557
0.04 200 351& 0.38 .0545
0.12 200 168 0.80 .0373
0.13 200 163 0.82 .0380
0.55 500 1.51 .0506
0.35 300 153 ft 1.51 .0306
0.35 300 133 1.51 .0304
0.88 400 105& 2.54 .0271
0.88 400 104& 2.57 .0266
1.39 500 105 3.19 .0271
1.39 500 104 & 3.21
s
.0268
1.40 500 1C3& 3.24
4
.0266
1.97 500 85a 3.92
4
.0255
1.99 500 3.92 .0257
1.97 500 85 5.95 .0251
2.48 500 75 4.47 .0247
2.53 500 75 4.47 .0252
2.52 500 74 4.53
. 0244
4.03 500 58
1
5.73 .0244
4.07 500 58 5.78 .0242
4.14 500 57 5.88 .0238
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Table 3
Lost
Head
in
Feet
7/eight
of Water
in
Pounds
Tine
in
Seconds
Velocity
in feet
per second
' Friotio
Factor
0.04 300 27C 0.75 .0401
0.08 300 172 1.17 .0324
0.15 300 119 1.69 .0292
0.24 300 89& 2 . 25 . 0264
4
0.47 500 103& 3 . 24 .0249
0.78 500 78 4 .30 .0235
1.04 500 68 4.93 .0238
1.04 50 68 4.93 .0238
1.04 500 68 4.93 .0238
1.03 500 67k 4.97 .0236
1,23 500 62k 5.37 .0238
1.25 500 6l4 5.46
.
0233
1.25 500 61 5.50 .0230
1.25 500 61 5.50
4
.0230
1.56 600 65& 6.15 .0229
1.56 600 65£,mm 6.15 .0229
4
1.56 600 65 6.20 .0226
1.56 600 65 6.20 .0226
J. . ?o coo bbg 6 # do
4
4
AO/7 rr
.
0233
1.95 600 58 6.94 .0226
1.97 600 58 6.94 .0228
2.00 600 57 7.06 .0223
••:.16 600 5* 7.26 .0228

Table 3 Continued.
Lost
Head
in
Feet
Weight
of Water
in
Pounds
Time
in
Seconds
Velocity
in feet
per second
Friction
Factor
2. 16 60 55 7.32
4
4
.0224
2,19 600 55 7.32 .0227
2.20 600 r- a 2548 7.38 .0224
2.36 600 col 7 . 66
.
0225
2.40 600 r--i 15ii 7.82 .0218
2.41 600 52a 7.82
4
.0219
2.42 600 7 .82 . 0220
2.41 600 51 7.90 .0216
2. 93 600 46s 8 . 6 5 .0217
r? r\ f?3.03 600 45s 8.85 .0215
rr "t t3. 11 600 45 8. 95 .0216
3.12 600 45 8.95 .0217
rr rt rr3.73
*
600 41 9.82 .0216
rr r» rr3 . 73 600 41 9.82 .0216
rr rf a3. 74 600 41 9 .82 .0216
rr r» r*3. 75 600 41 9.82
4
.
0217
4.40 600 374 10 . 73
. 0213
4.41 600 37J 10.73 .0213
4.40 600 37 10.87 .0207
4.43 600 37 10.87 .0209
4.58 600 36| 11.02 .0210
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JL Ct > J JLC?
A
*±
Lost
Head
XJi
Peet
Discharge
Cubic Peet
Velocity
in feet Friction
"tt AV
0.01 . 020 0.22
4
.0780
0.01 0.025 0.28 .0500
t
0.02 0.040 0.45
4
.0390
0.02 0.043 0.49 .0338
0.04 0,070 0.79 .0254
0.04 0.072 0.81 .0241
0.07 0.094 1.07 .0248
0.07 0.095 1.08 .0241
0.09 0.110 1.25
. 0232
0.11 0.125 1.41 .0220
0.15 0.148 1.68 .0213
0.16 0.152 1.72 .0216
0.19 0.166 1.88 .0215
0.20 . 173 1.96 .0208
0.28 . 202 2.29
4
.0214
0.31 0.215 2.43
. 0209
0.35 0.225 2.55 .0215
. 33 0.226 2.56 .0202
0.36 . 233 2.64 .0207
0.39 . 244 2.76 .0204
C.41 0.248 2.81 .0208
0.50 0.275 3.12 .0206
0.55 0.291 3.30 .0203

Table 4 Continued
Head
1 71
-L i 1
Feet
CiiMc Feet
T1P7* RPf»fmfl
JJ v>J- O \H UilVl
in feet
T)PT* RPPOTlfl
Friction
f»"h nr
0.65 0.312 3 . 53 .0208
0.68 0.323 3.66 .0203
0.74 0.338 3 . 83 .0202
0.80 0.352 3.99 .0201
4
0.87 0.367 4.16 .0201
0.92 0.378
a
4.28 .0201
0.99 0.393 4.45 .0200
1.05 0.405 4.58 .0200
1.11 0.417 4.72 .0199
1.21 0.438 4.97 .0196
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